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test	this	theory.	Eklöf	et	al.	(2014) determines that harvesting during the winter 
months when the ground is frozen, does reduce the amount of soil disturbance 
and may reduce the amount of mercury entering the aquatic system. The effects 
of careful winter logging, however, can be negated when site preparation occurs. 
Site preparation’s main goal is to disturb the soil and this may release a higher 
amount of stored mercury (Eklöf	et	al.	2014). 	
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 While harvesting in the winter will reduce the amount of soil disturbance, 
during these operations there can be surprises. Eklöf	et	al	(2014), Laudon	et	al.	
(2016)	have	noted	that	during	winter	harvesting,	snow	covers	the	ground	and	
unmapped	wetland	and	lowland	areas	may	not	be	visible.	These	MeHg	hotspots	can	
then	be	easily	disturbed.	Having	a	hydromapping	tool	like	the	one	in	this	study	can	
outline	areas	of	high	water	accumulation	that	may	not	be	identified	on	a	standard	
Forest	Resource	Inventory.	It	allows	harvesters	to	know	what	areas	to	avoid	even	
in	the	winter	season.		
	
Practical	Applications	of	UAVs	in	Hydromapping	Tool	Creation	
	 UAVs	have	shown	their	many	practical	uses	in	natural	resources	
management	and	other	industries.	Their	ease	of	use	and	quick	deployment	times	
can	make	them	an	excellent	tool	for	resource	managers.	Their	greatest	weakness,	
though,	is	their	short	flight	range	and	the	long	processing	time	for	the	data	they	
collect.	Below	in	figure	23,	the	full	extent	of	the	catchment	of	Sprat	Lake	is	shown.	
Sprat	Lake	is	just	to	the	left	of	the	computer	cursor.	During	processing,	the	amount	
of	time	to	create	the	3D	model	and	ortho	mosaic	in	Agisoft	took	around	33	hours	of	
processing,	not	including	time	in	between	finishing	one	step	and	starting	the	next.	
The	segmentation	alone	in	the	classification	of	open	wetlands	and	water	took	30	
hours	in	eCognition.	The	use	of	Drones	to	create	high	resolution	DEM	is	a	practical	
solution	when	one	is	not	available	in	an	FRI,	however,	conducting	this	processing	
on	a	landscape	scale	would	not	be	feasible.	The	best	use	of	it	would	be	to	identify	
areas	of	concern	like	Sprat	Lake,	which	contains	sensitive	brook	trout	spawning	
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grounds,	and	then	to	create	a	hydrompapping	tool	for	that	immediate	area.	A	
20m/pixel	DEM	will	not	properly	map	out	small	hydrological	flow	patterns	but	a	
fine	scale	hydromap	will.	
	 With	this	study,	the	images	captured	by	the	drone	are	standard	red,	green,	
blue	(RGB)	images.	With	these	reflectance’s	captured	by	the	sensor,	it	can	be	hard	
to	pick	out	differences	between	the	vegetation.	The	photos	were	taken	for	this	
study	in	November	when	the	leaves	had	fallen	off	the	trees	and	ground	vegetation	
had	died	out.	This	made	it	easy	for	the	open	wetlands	to	be	classified	but	the	
differences	between	treed	wetlands	and	the	upland	conifer	forests	were	unable	to	
be	classified	differently	on	their	reflectance	values.		Having	a	near	infrared	sensor	
(NIR)	could	provide	the	differences	in	reflectance	needed	to	be	able	to	identify	
these	wetlands	in	a	supervised	or	unsupervised	classification.	Having	a	LiDAR	
scanner	to	map	out	the	ground	topography	would	increase	the	accuracy	of	the	
DEM.	These	pieces	of	equipment	are	expensive	and	so	far,	unable	to	be	equipped	to	
a	drone.	They	are	just	not	practical	at	this	time	for	general	forest	operational	
planning.	The	next	step	in	this	study	would	be	to	use	a	LiDAR	scanner	and	compare	
the	flow	accumulation	model	created	to	the	one	in	this	study.	This	would	test	the	
second	assumption	that	we	consider	in	this	study	and	can	prove	if	LiDAR	scanners	
are	worth	the	money	compared	to	surface	from	motion	analysis.	In	future	FRI	
surveys,	a	LidAR	or	radar	scan	with	a	high	pixel	resolution	such	a	1m/pixel	would	
make	this	type	of	hydromapping	possible	over	the	entire	landscape	and	reduce	
possible	negative	effects	of	forest	operations	on	aquatic	systems.			
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Figure	23:	Outline	of	Sprat	Lake’s	Catchment	area.	Source:	Ministry	of	Natural	
Resources	and	Forestry;	Ontario	Flow	Assessment	Tool	III.		
	
	
CONCLUSION		
The	hydromapping	tool	and	wetland	classification	is	a	great	resource	for	
harvesters	and	land	managers	to	properly	plan	their	forest	operations.	By	avoiding	
wetland	environments	and	areas	of	high	flow	accumulation,	soil	disturbance	in	
MeHg	hot	spots	will	be	reduced,	minimizing	possible	effects	of	harvesting	on	
aquatic	levels	of	Hg.	This	will	in	turn	help	to	prevent	increases	in	MeHg	in	fish	
species.	While	this	process	of	using	UAV	images	to	create	a	hydromapping	tool	may	
not	be	effective	for	the	entire	management	area,	it	is	a	practical	tool	for	areas	of	
known	sensitivity	like	Sprat	Lake	that	contains	a	brook	trout	spawning	ground.	
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Future	FRI	should	include	a	higher	resolution	DEM	from	LiDAR	or	radar	to	be	able	
to	manage	flow	accumulation	across	a	landscape	scale.	This	hydromapping	tool	
also	provides	the	spatial	information	to	properly	lie	out	variable	retention	buffers	
to	cover	the	full	extent	of	riparian	zones	that	would	otherwise	be	wider	then	a	
standard	buffer	width.	The	most	upland	areas	of	the	landscape	as	determined	by	
the	hydromapping	tool	should	also	be	the	road	corridors	for	heavy	forwarders	to	
reduce	soil	damage.	This	proactive	approach	to	harvesting	will	minimize	
operational	surprises,	ensuring	that	unmapped	MeHg	hotspots	are	not	disturbed.	
By	reducing	site	damage	based	on	a	hydromapping	tool,	the	health	of	the	aquatic	
system	next	to	forest	operations	will	be	conserved	helping	to	ensure	the	long-term	
sustainability	of	forest	harvest	operations.		
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